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Apparatus comprising a receiving device working with space diversity and processing 
method for signal received over various channels 



The invention relates to an apparatus comprising a receiving device working 
with space diversity for signals modulated with spreading code coefficients in time and for 
signals received over at least two channels, the receiving device comprising a mixer circuit 
and a spreading code demodulation circuit in the form of demodulation branches which have 
code inputs. 

The invention also relates to a processing method of signals received over 
various channels. 

The invention finds applications when the spreading code modulation is used 

(CDMA). 

In difficult propagation conditions it is found to be necessary to call for space 
diversity. The problem posed then is the multiplicity of the material that must be attached to 
each one of the channels involved in the reception of these signals. These channels are 
formed by receiving antennas. 

Such apparatus is known from UK patent application no. 2 340 354. In this 
document there is proposed to process the signals coming from each of the antennas. One of 
the operations consists of coding these signals in digital form after a pre-processing. The 
multiplicity of these analog-to-digital coders which have to process fast signals is considered 
disadvantageous both as regards their cumbersomeness and as regards their price. 

The present invention proposes an apparatus of the type mentioned in the 
opening paragraph which avoids the multiplicity of these coders. 

For this purpose, such an apparatus is characterized in that the mixer circuit 
shifts the phase of the signals of one of the channels, so that the code inputs of one of the 
demodulation branches reconstruct the data by utilizing both conjugate and non-conjugate 
codes. 

The inventive idea thus comprises varying the several phase shifts brought 
about, on the one hand, by the spreading codes and, on the other hand, by the shifting of the 
phase of the signals of one of the channels, so that the demodulation branches reconstruct the 
data by calling for both conjugate and non-conjugate codes. 
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The following description made with regard to the appended drawing given by 
way of non-limiting example will make it better understood how the invention can be 
realized. In the drawing: 
5 Fig. 1 shows an apparatus in accordance with the invention. 



Fig. 1 shows an apparatus 1 in accordance with the invention. This is a mobile 
cellular radiotelephony apparatus operating according to the CDMA modulation. It is formed 
10 by a transmitting part 5 and a receiving part 7. This apparatus is connected to a base station 8 
u which transmits information applied to a data access 9. According to this modulation each 

data is «chopped» by a spreading code by means of a code modulator 10. This code is a 
ft] succession of N complex elements or coefficients: Co, Ci, ... Cn- Each of these complex 

f? coefficients may adopt one of the values (1+j, 1-j, -l+j ? -1-j), for example, 

fil 1 5 The transmitting part 5 of the apparatus 1 has an antenna 1 1 which transmits 

j, by means of a transmission device 12 information applied to an access for transmission 13. 

Jr! The receiving part 7 of the apparatus 1 has a plurality of receiving antennas. 

j y 

CI! Within the framework of the described example, two receiving antennas are shown which are 

^ referred to as 15 and 17, respectively. The signals captured by these antennas are processed 

? ~ 20 first of all by a mixer circuit 20, which mixes them with the signal of an oscillator 25 . The 
signals coming from this circuit are available in complex form. They are then applied to a 
filter coding assembly 28 to be applied to a RAKE receiver in the form of two branches 30 
and 31, the signals of these two branches 30 and 31 being applied to a combining circuit 35 
which is here in the form of a simple adder. A signal shaping circuit 37 adapts them so as to 
25 restore them at an access 38. 

According to the invention the mixer circuit comprises four elementary mixers 
40, 41, 42 and 43. The mixers 40 and 42 receive on one of their inputs the in-phase signal of 
the oscillator 25 via a phase shifting network 44, whereas the inputs of the mixers 41 and 43 
receive via the same phase shifting network 44 the signal at 90° and -90°, respectively, of 
30 this same oscillator 25. This is denoted by the sign « - » placed near to the mixer 43. The 
other inputs of the mixers 40 and 41 receive the in-phase signals and quadrature phase 
signals, respectively, of the antenna 17, which is obtained via another phase shifting network 
50. Similarly, the other inputs of the mixers 43 and 42 receive from the antenna 15 the in- 
phase and quadrature phase signals, respectively, which is realized via another phase shifting 
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network 51. Adders 58 and 59 add up the parts called in-phase parts formed by the mixers 40 
and 42 and the parts called quadrature phase parts formed by the mixers 41 and 43. At the 
output of the adder 58 there is an in-phase signal I which is the sum of the in-phase signals 
coming from the antennas 1 5 and 17 and at the output of the adder 59 there is a signal Q 
which is a difference of the quadrature signals produced by these same antennas. 
Summarizing: 

I = II + 12 
Q = Q1-Q2 

II and Ql being the signals from the antenna 17, and 12 and Q2 those from the 

antenna 15. 

The signals I and Q are applied to the filter coding assembly 28 which 
comprises one double analog-to-digital encoder 60 (because of the complex nature of the 
signals which are applied thereto). The thus digitized signals are filtered by means of the 
filter 62 of the conventional type for this type of signals. They are thereafter applied to the 
two RAKE branches 30 and 31. 

According to another measure of the invention the coefficients for a RAKE 
branch 30 are the coefficients Co, Ci, ... C N , whereas those of the other RAKE branch 31 are 
the conjugate coefficients: Co*, Ci\..Cn* 

The invention is based on the following considerations. 

Each data to be transmitted is chopped into slices to be modulated with a 
spreading code element which is considered a complex number. Each slice is thus subjected 
to a rotation defined by the spreading code element. 

If, on reception, a demodulation is effected by means of conjugate values of 
the spreading code elements, the slices are subjected to a reverse rotation to that applied on 
transmission, which permits to reconstruct the data. 

According to the invention, thanks to the mixer circuit the data received on a 
channel are subjected to a rotation which is the opposite to that of the spreading code 
element. If the non-conjugate code is applied, the data are reconstructed. The data of the 
other channel are disturbed for the non-conjugate code is not consistent with them. Similarly 
holds for the data of the other channel which are demodulated with the conjugate code in a 
consistent manner, whereas the data of the first channel are inconsistent with the conjugate 
code. 



